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DUAL DIRECTIONAL COUPLER WITH 
MULTI-STEPPED FORWARD AND REVERSE 

COUPLING RODS 

FIELD OF THE INVENTION 

The present invention relates generally to directional cou 
plers, and more speci?cally to quarter Wavelength dual direc 
tional couplers of improved design and manufacturability. 

BACKGROUND OF THE INVENTION 

A directional coupler has a through line through Which a 
signal passes and at least one coupled line that samples the 
signal. At a basic level, a high-poWer directional coupler 
causes a sample of an electromagnetic Wave propagating on 
the through line to propagate on the coupled line. Therefore, 
the coupled line serves to sample the signal on the through 
line. A directional coupler is capable of sampling signals 
propagating in tWo different directions. A signal ?oWing in a 
?rst direction on the through line is sampled on one port of the 
coupled line, While a signal ?oWing in the opposite direction 
is sampled on the other port of the coupled line. 

To measure output poWer or other high-poWer signals in a 
system, high-poWer handling capability is desirable for dual 
directional couplers. For example, dual directional couplers 
With high-poWer handling capabilities are Well-suited to mea 
sure the output poWer of a base station Within a cellular 
network. High-poWer directional couplers are also Well 
suited to measure the return loss of base station antennas by 
measuring both the forWard poWer, Which propagates from 
the base station to the antenna, and also the reverse poWer, 
Which is re?ected from the antenna and propagates in the 
opposite direction. 

Although such directional couplers, including dual direc 
tional couplers, are knoWn, for example, from US. Pat. Nos. 
6,066,994, 6,573,807 and 6,600,307, all knoWn directional 
couplers suffer from a number of disadvantages, particularly 
in their design and their manufacturability. 

SUMMARY OF THE INVENTION 

The dual directional coupler in accordance With the present 
invention has tWo directional couplers constructed in one 
compact structure, Where each coupler shares one, common 
main line. The couplers are designed asymmetrically, and are 
tWo quarter-Wave sections long, transmission line couplers. 
The coupler is built using airline, (also knoWn as slab line) 
technology. 

Although it is possible to design a dual directional coupler 
that Would function someWhat similarly using a single quar 
ter-Wave section, the much more dif?cult design of a multi 
section, quarter-Wave dual directional coupler is employed by 
the present invention. An advantage of the multi section 
design is Wider bandWidth of operation can be realiZed as 
compared With single section design. 
One prime example of an application of such a coupler is 

independently monitoring forWard and reverse poWer ?owing 
through the coupler. This measurement could be used to cal 
culate Voltage Standing Wave Ratio (VSWR) of the load 
attached to the coupler. One example of such a load could be 
an antenna of a Wireless base station. In this case a coupler 
constructed according to the present invention could be used 
to monitor the condition of the base station antenna and 
associated feeder line. 
One object of the present invention is to provide a design of 

the coupled region of a dual directional coupler, as shoWn on 
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2 
FIG. 6, Where the quarter Wave coupled conductors share the 
same length as that of the main line, but each have a different 
coupling coe?icient value. 

It is a further object of the present invention to provide a 
multi section airline coupler design Where the coupling coef 
?cient of different quarter Wave sections is obtained by a 
reduction of the ground space distance in the area located 
aWay from the main line. 

It is yet another object of the present invention to provide a 
multi section directional coupler Where various coupling 
coef?cients are obtained by varying the ground space located 
over the coupled conductor, Where abrupt change in the 
ground plane distance take place in the area betWeen the 
center line of the main and the center line of the coupled 
conductor. 
A further object of the present invention is to provide a dual 

directional coupler capable of having tWo couplers inside a 
common housing, so as to alloW for independent measure 
ments of forWard and reverse poWer in one compact design. 

It is yet another object of the present invention to provide a 
directional coupler, using airline coaxial transmission line 
structures, resulting in features such as extremely loW dissi 
pative loss and high RF poWer handling over an extended 
frequency range. 
A further object of present invention is to provide a coupler 

having negligible passive inter-modulation distortion prod 
ucts (PIM). 

It is still a further object of the present invention to provide 
a directional coupler Which is rugged, mechanically stable, 
and of a construction to make it applicable to both indoor and 
outdoor applications Where high mechanical stresses and 
extreme Weather conditions are present. 

These and other objects of the present invention are 
achieved in accordance With one embodiment of the present 
invention by provision of a dual directional coupler that 
includes a housing, a main conductor, a forWard coupled 
conductor and a reverse coupled conductor. The main con 
ductor, the forWard coupled conductor and the reverse 
coupled conductor are arranged in parallel Within the housing 
such that the main conductor and the forWard coupled con 
ductor de?ne a ?rst tWo section quarter Wave directional 
coupler, and the main conductor and the reverse coupled 
conductor de?ne a second tWo section quarter Wave direc 
tional coupler. 

In some embodiments, the forWard coupled conductor and 
the reverse coupled conductor comprise multi-stepped rods, 
each rod having at least tWo sections having different cross 
sectional diameters concentric to one axis. In certain of these 
embodiments, a coupling value of each rod section is variable 
by affecting a change in a ground space distance for each rod 
section. In some embodiments, the main conductor comprises 
a rod having a constant cross-sectional diameter. In some 
embodiments, the main conductor is located centrally inside 
the housing by means insulator supports. 

In some embodiments, the main conductor, the forWard 
coupled conductor and the reverse coupled conductor are 
disposed Within a single plane, With axes thereof all being 
generally parallel to one another. In certain of these embodi 
ments, the main conductor is disposed betWeen the forWard 
coupled conductor and the reverse coupled conductor, and the 
forWard coupled conductor and the reverse coupled conduc 
tor are generally equally spaced from the main conductor. 

In some embodiments, the dual directional coupler further 
includes an input connector and an output connector mounted 
on the housing and connected to the main conductor to pro 
vide a path for main poWer ?oW through the coupler. In 
certain of these embodiments, the dual directional coupler 
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further includes a forward coupled power connector mounted 
on the housing and connected to the forward coupled conduc 
tor such that a small amount of the main power ?ow, ?owing 
in a forward direction, is coupled to the forward coupled 
conductor and is available at the forward coupled power 
connector. In certain of these embodiments, the dual direc 
tional coupler further includes a reverse coupled power con 
nector mounted on the housing and connected to the reverse 
coupled conductor such that a small amount of the main 
power ?ow, ?owing in a reverse direction, is coupled to the 
reverse coupled conductor and is available at the reverse 
coupled power connector. 

In some embodiments, the main conductor, the forward 
coupled conductor and the reverse coupled conductor each 
comprises a machined one-piece rod. In some embodiments, 
the ?rst and second two section quarter wave directional 
couplers each comprises an asymmetric coupler. In certain of 
these embodiments, the dual directional coupler further 
includes terminations attached to each of the forward coupled 
conductor and the reverse coupled conductor in order to pro 
vide a good electrical match for the coupled conductors and 
good overall directivity of the coupler. In some embodiments, 
the dual directional coupler further includes dielectric strips 
disposed within the housing for enhancing directivity of the 
coupler. 

The invention and its particular features and advantages 
will become more apparent from the following detailed 
description considered with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric exploded view of a dual directional 
coupler in accordance with an exemplary embodiment of the 
present invention; 

FIGS. 2A and 2B are, respectively, side elevational and top 
plan views of the dual directional coupler of FIG. 1; 

FIG. 3 is a cross-sectional view of the dual directional 
coupler taken along line 1-1 in FIG. 2B; 

FIG. 4 is a cross-sectional view of the dual directional 
coupler taken along line 2-2 in FIG. 2B; 

FIG. 5 is a cross-sectional view of the dual directional 
coupler taken along line 3-3 in FIG. 2B; 

FIG. 6 is a schematic representation of the geometric vari 
ables employed to design the dual directional coupler of FIG. 
1; 

FIG. 7 illustrates sample dimensions for the geometric 
variables of FIG. 6 employed to design the dual directional 
coupler of FIG. 1; 

FIGS. 8 and 9 illustrate sample directivity measurements 
of the dual directional coupler of FIG. 1; 

FIG. 10 is a schematic representation showing possible 
locations for the placement of optional dielectric strips within 
the dual directional coupler of FIG. 1; and 

FIG. 11 illustrate sample directivity measurements of the 
dual directional coupler of FIG. 1 when the optional dielectric 
strips are employed. 

DETAILED DESCRIPTION OF AN 
EMBODIMENT OF THE INVENTION 

Referring ?rst to FIGS. 1, 2A and 2B, a dual directional 
coupler (1) in accordance with the present invention is shown. 
As best shown in FIG. 1, the dual directional coupler (1) 
includes a housing (100), a main conductor (200), and a 
forward coupled conductor (300) as well as a reverse coupled 
conductor (400). The main line (200) along with the forward 
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4 
coupled conductor (300) form one, two section quarter wave 
coupler, while the same main line (200) and the reverse 
coupled line (400) form yet another two section directional 
coupler. The same main line (200) is shared by both couplers 
which allows for the compact design of this dual directional 
coupler (1). An alternate design would require two couplers 
positioned in series along the same main line, thus increasing 
the total length of the coupler by a factor of two. 

The main conductor (200) is located centrally inside the 
housing (100) by means of the insulator supports (205), as 
shown in FIG. 1. The input connector (201) and the output 
coaxial connector (202) are connected to the main line (200) 
and provide a path for the main power ?ow through the 
coupler (1). A small amount of this power, ?owing in the 
forward direction, will be coupled to the forward conductor 
(300) and is available at the forward coupled power connector 
(310), as shown in FIGS. 1 and 2A. Respectively, a small 
amount of the power traveling in the reverse direction, from 
the output connector (202) to the input connector (201), will 
be coupled to the reverse coupled conductor, (400) and is 
available at the reverse coupled connector (410), as shown in 
FIGS. 1 and 2A. 

All conductors (200, 300, 400) of the present invention are 
machined as one piece rods using standard turning machines. 
Coupling variation between quarter-wave sections is 
obtained through the variation of the ground space distance. 
The distance between centers of the conductors remains ?xed 
through all coupled sections. Thus, in accordance with the 
dual directional coupler of the present invention, two couplers 
(300, 400) are positioned on one plane on either side of the 
shared main transmission line (200). The main transmission 
line diameter remains constant over all quarter-wave sections. 

Thus, the present invention provides for parallel arrange 
ment of all three coupled conductors; the main line (200) and 
two coupled (300, 400) conductors. The coupled conductors 
(300, 400) are machined as multi-step rods having at least two 
different diameters concentric to one axis. The correct cou 
pling value of each rod section (i.e., each section having a 
different diameter) is obtained by affecting a change in the 
ground space distance. 
The housing (100) is made of 1.5 inch square aluminum, 

whereas all conductors and connectors are made of brass. To 
prevent oxidiZation and provide good PIM performance and 
low insertion loss, all brass parts are silver-plated and the 
aluminum housing is protected against corrosion using a 
chemical conversion coating. 
As is known, asymmetric couplers have coupled sections 

arranged consecutively from low to high, while symmetric 
couplers would have the tightest coupled section located in 
the middle of the structure. Although the exemplary embodi 
ment of the current invention is shown as a two section asym 
metric coupler, it should be understood that multiple section 
design is feasible using methods outlined herein. 

To provide a good electrical match for the coupled conduc 
tor and good overall directivity of the coupler, terminations 
(420) and (320), as shown in FIGS. 1 and 2A, which are 
preferably 50 ohm terminations, are used. Power connector 
(310) and termination (320) may be attached to a plate (350), 
as shown in FIGS. 1 and 2B, while power connector (410) and 
termination (420) may be attached to a plate (450), as shown 
in FIG. 1, which plates (350, 450) are attached to housing 
(100) during manufacture of coupler (1). 
The two couplers (300, 400) share the same length of the 

main transmission line (200) and are separated by 180 
degrees. In the case of asymmetric couplers, one side of the 
coupler can exhibit better directivity than the other. This 
measurement is accomplished by empirical tests, and in 
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accordance With the present invention, the tight end of the 
coupler is used as the output port (310,410), While the loose 
end is terminated into the 50 ohm termination (320, 420). In 
this Way, the directivity obtained is close to, or better than, 30 
dB. 

The coupler design is a tWo quarter Wave section design 
With the coupled conductors having tWo distinctive diameters 
required for correct impedance match for the loose and tight 
coupled sections. 

Although it is possible for a single section coupler to have 
all conductors in a parallel con?guration, the difference in 
coupling values for a multi section coupler design requires 
varying separation betWeen the main and coupled conductors. 
In such a case, the machining of the coupled conductors 
requires an offset betWeen the centerlines of each section. The 
present invention alloWs for an equal distance of all coupled 
sections from the main line, and all sections are located along 
one common axis. 

Referring noW to FIG. 3 the parallel arrangement of the 
coupled conductors (300) and (400) to the main conductor 
(200) is shoWn. The coupled conductor (300), including 
poWer connector (310), termination (320) and plate (350), 
along With the main conductor (200), including input connec 
tor (201), output coaxial connector (202), and insulator sup 
ports (205), forms the forWard tWo section quarter-Wave 
directional coupler. Respectively, the coupled conductor 
(400), including poWer connector (410), termination (420) 
and plate (450), along With the main conductor (200), includ 
ing input connector (201), output coaxial connector (202), 
and insulator supports (205), forms the reverse tWo section 
quarter-Wave directional coupler. 

The tWo section coupled conductor is machined from one 
piece of metal, With all diameters concentric to each other. 
Also, machining detail of the housing (100) is shoWn above 
the loose coupled section of the coupler. This machined step 
reduces ground plane spacing of the loose coupled section of 
the coupled conductor. It is the intention of this invention to 
select this step in such a Way that all diameters of the coupled 
conductor lay along the axis parallel to the main conductor. 

FIG. 4 shoWs a cross section taken along plane 2-2 as 
shoWn on Fig 2B. This plane corresponds to the location of 
the left most coupled sections of the dual directional coupler 
(1). ShoWn here is the ground space distance over conductor 
(400) being smaller than the one over the main line (200) and 
the coupled conductor (300). 

Similarly, FIG. 5 shoWs a cross section taken along plane 
3-3 as shoWn on Fig 2B. What is detailed is the ground space 
arrangement that is reversed compared to FIG. 4. The smaller 
ground space is over the conductor (300), Which had largest 
ground space in the previous vieW, While the main line (200) 
ground spacing stays unchanged and the ground space over 
conductor (400) is noW larger. 
As can be seen in FIGS. 4 and 5, variations in the coupling 

coe?icient are obtained by changing the coupled conductor 
(300, 400) diameter and ground space distance. The relatively 
large ground plane spacing is obtained along the main line 
(200), thus increasing the poWer handling characteristics of 
the coupler (1). 

FIG. 6 illustrates geometric variables used to design cou 
plers according to the present invention. What is shoWn is the 
ground space change from (B1) to (B2) taking place at dis 
tance (SP) from the main line (200), eg as shoWn in FIG. 4. 
Furthermore, the distance (S) of coupled sections remains 
constant along all coupled sections of the present invention, 
even through the diameters (D2, D3) of the coupled conduc 
tors (300, 400) change over the length thereof and the diam 
eter (D1) of the main conductor (200), e. g. as shoWn in FIG. 
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6 
4, remains constant. FIG. 6 also illustrates hoW the main 
conductor (200) is equally spaced by distance (L/2) Within the 
housing of total distance L. 

FIG. 7 illustrates sample mechanical dimensions used in 
manufacturing a 30 dB dual directional coupler according to 
the present invention, Which dimensions correspond to those 
(L, B1, B2, SP, S, D1, D2, D3) shoWn in FIG. 6. 

FIGS. 8 and 9 illustrate directivity measurements for the 30 
dB dual directional coupler manufactured according With the 
present invention. More speci?cally, FIG. 8 graphically 
shoWs measured data for the coupled value of poWer from the 
main line, for both forWard and reverse coupling of a tWo 
section coupler design in accordance With the present inven 
tion. FIG. 9 graphically shoWs measured data of one of the 
tWo directional couplers in a dual directional coupler of the 
present invention. As is knoWn to those skilled in the art, 
directivity is a parameter Whose performance and speci?ca 
tion determines the quality and attributes of a directional 
coupler. The higher the directivity number, expressed in dB, 
the more accurate the value of the forWard coupling value or 
determination of forWard coupling value, and independence 
of load re?ections or reverse poWer coming from the load on 
the main line of the directional coupler. The result is improved 
accuracy of both forWard and reverse poWer measurement. 

Further enhancement of the directivity is obtained by 
employing dielectric strips (150, 160, 170) as shoWn on FIG. 
10. The dielectric strips could be made of, for example, 
TEFLON® ?uoropolymer tape or KAPTON® polyimide 
?lm tape. FIG. 10 shoWs several possible locations of the 
dielectric strips used to enhance directivity of the couplers 
built according to the present invention. FIG. 11 shoWs direc 
tivity improvement by using the dielectric strip (160) as 
shoWn in FIG. 10. More speci?cally, FIG. 11 graphically 
shoWs measured data for directivity after incorporating the 
aforementioned improvements discussed in connection With 
FIG. 10. As shoWn, directivity increased by 5 dB or more as 
compared With FIG. 9. 

Although the invention has been described With reference 
to a particular arrangement of parts, features and the like, 
these are not intended to exhaust all possible arrangements or 
features, and indeed many other modi?cations and variations 
Will be ascertainable to those of skill in the art. 
What is claimed is: 
1. A dual directional coupler comprising: 
a housing; 
a main conductor; 
a forWard coupled conductor; 
a reverse coupled conductor; 
Wherein said main conductor, said forWard coupled con 

ductor and said reverse coupled conductor are arranged 
in parallel Within said housing such that said main con 
ductor and said forWard coupled conductor de?ne a ?rst 
tWo section quarter Wave directional coupler, and said 
main conductor and said reverse coupled conductor 
de?ne a second tWo section quarter Wave directional 
coupler; and 

Wherein said main conductor, said forWard coupled con 
ductor and said reverse coupled conductor each com 
prises a machined one-piece rod. 

2. The dual directional coupler of claim 1 Wherein said 
forWard coupled conductor and said reverse coupled conduc 
tor comprise multi-stepped rods, each multi-stepped rod hav 
ing at least tWo sections having different cross-sectional 
diameters concentric to a common axis. 

3. The dual directional coupler of claim 2 Wherein a cou 
pling value of each rod section is variable by affecting a 
change in a ground space distance for each rod section. 



US 7,429,903 B2 
7 

4. The dual directional coupler of claim 1 Wherein said 
main conductor comprises a rod having a constant cross 
sectional diameter. 

5. The dual directional coupler of claim 1 Wherein said 
main conductor is located centrally inside said housing by 
insulator supports. 

6. The dual directional coupler of claim 1 Wherein said 
main conductor, said forWard coupled conductor and said 
reverse coupled conductor are disposed Within a single plane, 
With axes thereof all being generally parallel to one another. 

7. The dual directional coupler of claim 6 Wherein said 
main conductor is disposed betWeen said forWard coupled 
conductor and said reverse coupled conductor and Wherein 
said forWard coupled conductor and said reverse coupled 
conductor are generally equally spaced from said main con 
ductor. 

8. The dual directional coupler of claim 1 further compris 
ing an input connector and an output connector mounted on 
said housing and connected to said main conductor to provide 
a path for main poWer ?oW through the coupler. 

9. The dual directional coupler of claim 8 further compris 
ing a forWard coupled poWer connector mounted on said 
housing and connected to said forWard coupled conductor 
such that a small amount of the main poWer ?oW, ?oWing in a 
forWard direction, is coupled to the forWard coupled conduc 
tor and is available at the forWard coupled poWer connector. 

10. The dual directional coupler of claim 9 further com 
prising a reverse coupled poWer connector mounted on said 
housing and connected to said reverse coupled conductor 
such that a small amount of the main poWer ?oW, ?oWing in a 
reverse direction, is coupled to the reverse coupled conductor 
and is available at the reverse coupled poWer connector. 

11. The dual directional coupler of claim 1 further com 
prising dielectric strips disposed Within said housing for 
enhancing directivity of the coupler. 

12. The dual directional coupler of claim 1 Wherein the ?rst 
and second tWo section quarter Wave directional couplers 
each comprises an asymmetric coupler. 

13. The dual directional coupler of claim 12 further com 
prising terminations attached to each of said forWard coupled 
conductor and said reverse coupled conductor in order to 
provide a good electrical match for the coupled conductors 
and good overall directivity of the coupler. 

14. A dual directional coupler comprising: 
a housing; 
a main conductor, said main conductor comprising a rod 

having a constant cross-sectional diameter; 
a forWard coupled conductor, said forWard coupled con 

ductor comprising a multi-stepped rod having at least 
tWo sections having different cross-sectional diameters 
commonly concentric to an axis of the forWard coupled 
conductor; 

a reverse coupled conductor, said reverse coupled conduc 
tor comprising a multi-stepped rod having at least tWo 
sections having different cross-sectional diameters com 
monly concentric to an axis of the reverse coupled con 

ductor; 
said main conductor, said forWard coupled conductor and 

said reverse coupled conductor being disposed Within a 
single plane, With axes thereof all being generally par 
allel to one another, and With said main conductor being 
disposed betWeen said forWard coupled conductor and 
said reverse coupled conductor With said forWard 
coupled conductor and said reverse coupled conductor 
being generally equally spaced from said main conduc 
tor; and 
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8 
Wherein said main conductor, said forWard coupled con 

ductor and said reverse coupled conductor are arranged 
in parallel Within said housing such that said main con 
ductor and said forWard coupled conductor de?ne a ?rst 
tWo section quarter Wave directional coupler, and said 
main conductor and said reverse coupled conductor 
de?ne a second tWo section quarter Wave directional 
coupler. 

15. The dual directional coupler of claim 14 further com 
prising dielectric strips disposed Within said housing for 
enhancing directivity of the coupler. 

16. The dual directional coupler of claim 14 Wherein a 
coupling value of each rod section is variable by affecting a 
change in a ground space distance for each rod section. 

17. The dual directional coupler of claim 14 Wherein said 
main conductor is located centrally inside said housing by 
insulator supports. 

18. The dual directional coupler of claim 14 further com 
prising an input connector and an output connector mounted 
on said housing and connected to said main conductor to 
provide a path for main poWer ?oW through the coupler. 

19. The dual directional coupler of claim 18 further com 
prising a forWard coupled poWer connector mounted on said 
housing and connected to said forWard coupled conductor 
such that a small amount of the main poWer ?oW, ?oWing in a 
forWard direction, is coupled to the forWard coupled conduc 
tor and is available at the forWard coupled poWer connector. 

20. The dual directional coupler of claim 19 further com 
prising a reverse coupled poWer connector mounted on said 
housing and connected to said reverse coupled conductor 
such that a small amount of the main poWer ?oW, ?oWing in a 
reverse direction, is coupled to the reverse coupled conductor 
and is available at the reverse coupled poWer connector. 

21. The dual directional coupler of claim 14 Wherein said 
main conductor, said forWard coupled conductor and said 
reverse coupled conductor each comprises a machined one 
piece rod. 

22. The dual directional coupler of claim 14 Wherein the 
?rst and second tWo section quarter Wave directional couplers 
each comprises an asymmetric coupler. 

23. The dual directional coupler of claim 22 further com 
prising terminations attached to each of said forWard coupled 
conductor and said reverse coupled conductor in order to 
provide a good electrical match for the coupled conductors 
and good overall directivity of the coupler. 

24. A dual directional coupler comprising: 
a housing; 
a main conductor; 
a forWard coupled conductor; 
a reverse coupled conductor; 
Wherein said main conductor, said forWard coupled con 

ductor and said reverse coupled conductor are arranged 
in parallel Within said housing such that said main con 
ductor and said forWard coupled conductor de?ne a ?rst 
tWo section quarter Wave directional coupler, and said 
main conductor and said reverse coupled conductor 
de?ne a second tWo section quarter Wave directional 
coupler; and 

Wherein said forWard coupled conductor and said reverse 
coupled conductor comprise multi-stepped rods, each 
multi-stepped rod having at least tWo sections having 
different cross-sectional diameters concentric to a com 
mon axis. 

25. The dual directional coupler of claim 24 further com 
prising dielectric strips disposed Within said housing for 
enhancing directivity of the coupler. 
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26. The dual directional coupler of claim 24 Wherein a 
coupling value of each rod section is variable by affecting a 
change in a ground space distance for each rod section. 

27. The dual directional coupler of claim 24 Wherein said 
main conductor comprises a rod having a constant cross 
sectional diameter. 

28. The dual directional coupler of claim 24 Wherein said 
main conductor is located centrally inside said housing by 
insulator supports. 

29. The dual directional coupler of claim 24 Wherein said 
main conductor, said forWard coupled conductor and said 
reverse coupled conductor are disposed Within a single plane, 
With axes thereof all being generally parallel to one another. 

30. The dual directional coupler of claim 29 Wherein said 
main conductor is disposed betWeen said forWard coupled 
conductor and said reverse coupled conductor and Wherein 
said forWard coupled conductor and said reverse coupled 
conductor are generally equally spaced from said main con 
ductor. 

31. The dual directional coupler of claim 24 further com 
prising an input connector and an output connector mounted 
on said housing and connected to said main conductor to 
provide a path for main poWer ?oW through the coupler. 

32. The dual directional coupler of claim 31 further com 
prising a forWard coupled poWer connector mounted on said 

20 

10 
housing and connected to said forWard coupled conductor 
such that a small amount of the main poWer ?oW, ?oWing in a 
forWard direction, is coupled to the forWard coupled conduc 
tor and is available at the forWard coupled poWer connector. 

33. The dual directional coupler of claim 32 further com 
prising a reverse coupled poWer connector mounted on said 
housing and connected to said reverse coupled conductor 
such that a small amount of the main poWer ?oW, ?oWing in a 
reverse direction, is coupled to the reverse coupled conductor 
and is available at the reverse coupled poWer connector. 

34. The dual directional coupler of claim 24 Wherein said 
main conductor, said forWard coupled conductor and said 
reverse coupled conductor each comprises a machined one 
piece rod. 

35. The dual directional coupler of claim 24 Wherein the 
?rst and second tWo section quarter Wave directional couplers 
each comprises an asymmetric coupler. 

36. The dual directional coupler of claim 35 further com 
prising terminations attached to each of said forWard coupled 
conductor and said reverse coupled conductor in order to 
provide a good electrical match for the coupled conductors 
and good overall directivity of the coupler. 


